Background: The purpose of this study was to determine if there were changes in bystanders' chest compression performance and activation of emergency medical services in geriatric and out-of-hospital cardiac patients following the institution of the 2010 International Resuscitation Guidelines and 2008 Good Samaritan Law in South Korea. Methods: This is a retrospective observational study using medical records, and including patient charts and an Utstein Style database in a tertiary hospital. We analyzed the existence of chest compression performance by bystanders, the required time from recognition of cardiac arrest to activation of 119 for emergency medicine services, and the required time from activation of 119 to arrival on the scene from 2005-2014. The data were compared after dividing the years into 2 groups: 2005-2009 and 2010-2014. Results: Of 317 geriatric and out-of-hospital cardiac arrest patients, 261 were eligible for this study. Twelve cases were excluded, and a total of 249 were analyzed. Bystander-initiated chest compression was higher from
INTRODUCTION
The average age of cardiac arrest patients in Korea was 61.17±19.6 years in 2013, with those aged 65 or older accounting for more than 50% 1) . The elderly population purportedly accounted for 13.1% of the total population in 2015 and is expected to reach 14.0% in 2017 and 20.8% in 2026, by which time the country is expected to become a super-aged society 2) . Considering this, the elderly would account for an increasing proportion of the total number of cardiac arrest patients.
Various studies on the survival rate of cardiac arrest patients reported that as the age of a cardiac arrest patient increased, the likelihood that he or she would survive after cardiopulmonary resuscitation (CPR) decreased 1, 3, 4) , and Korea has a much lower survival rate than other advanced countries in this context 5) . Based on these low survival rates, several studies suggested that performing CPR on elderly cardiac arrest patients should cease [6] [7] [8] . However, other studies found that there was no difference in survival rate after CPR between elderly and nonelderly cardiac arrest patients [9] [10] [11] [12] [13] [14] .
In order to raise the survival rate of cardiac arrest patients, it is necessary to ensure that each goal in the chain of survival is successfully met, including swiftly identifying a cardiac arrest, activating the emergency response system, performing early CPR that emphasizes chest compressions, and applying rapid defibrillation [15] [16] [17] [18] . To do this, bystanders' CPR and the swift arrival of emergency medical technicians or first responders would be critical before taking a patient to the hospital [19] [20] [21] [22] . In Korea, the Good Samaritan Law was put in place in December 2008 to increase the rate of CPR performance before hospital arrival, and provided legal protection to bystanders for the act of performing CPR 23) . In 2010, Korea provided CPR training on chest compressions that complied with newly established international guidelines published in 2010 24) . As a result of these efforts, data on cardiac arrest patients in Korea demonstrated that the chest compression performance rate of bystanders increased from 8%-10% in 2004 to 22.1% in 2013 1) .
There has been no research in Korea regarding the length of time it takes bystanders to recognize cardiac arrest in elderly patients and report the situation to the emergency medical services system, or how frequently they performed CPR on site. In this regard, the authors aimed to examine whether there were changes in these parameters following 2010, the year when new CPR guidelines were announced and training and promotion were expanded for bystanders performing chest compressions in elderly people experiencing cardiac arrest; the activation of the emergency medical service system, and the time taken for the ambulance to arrive at the scene were also assessed.
MATERIALS AND METHODS

Study Subjects and Duration
This is a retrospective study based on medical records, which consist of charts and a cardiac arrest database. It was approved by the Institutional Review Board of the Hanyang University Hospital (HY2016-04-023) and was conducted in May 2016. The study subjects included patients ≥65 years of age who experienced cardiac arrest outside the hospital among patients admitted to the Emergency Medical Center of a tertiary university hospital in Seoul between January 1, 2005 and December 31, 2014. Patients excluded from study were those who had cardiac arrest while being transferred in an ambulance through 119 (a Korean emergency medical service), and those who refused CPR.
Study Methods
The cardiac arrest database followed the Utstein Style, an objective tool to access cardiac arrest patients published by American Heart Association (AHA) and European Resuscitation Council 25, 26) , and emergency medicine residents wrote the database based on patient history and 119 emergency activity records. Among other records made before hospital arrival, this study collected the location of cardiac arrest, whether cardiac arrest was witnessed, the time cardiac arrest was noticed or witnessed by bystanders, the time when it was reported to the emergency medical service system, the time when 119 first responders arrived at the scene, whether a bystander performed chest compressions or used the auto-mated external defibrillator (AED) before 119 first responders arrived, the AED application by 119 first responders and the initial electrocardiogram (ECG) rhythm, and whether the patient had a return of spontaneous circulation (ROSC) before arriving at the Emergency Department. Among records made after hospital arrival, the study examined the estimated cause for cardiac arrest, whether the patient had an ROSC, and whether the patient was discharged from the hospital alive. A primary outcome variable was existence of chest compression performance by bystanders. Secondary outcome variables were recognition of cardiac arrest to 119 activation, which was the time it took bystanders to witness or discover cardiac arrest and report it to 119; 119 activation to arrival, which was the time it took first responders to arrive at the scene after the report; and recognition of cardiac arrest to 119 arrival, the total time required.
Data Analysis
The study used standard spreadsheet applications (Excel, Microsoft, Redmond, WA, USA) and PASW Statistics version 18.0 (SPSS Inc., Chicago, IL, USA) for data analysis. The study expressed categorical data through frequency and percentage (%) while regarding continuous data as following the normal distribution according to the central limit theorem, if the sample size was >30 and it was presented through mean and standard deviation and 95% confidence interval. Data were grouped into G 2005-9 (from 2005 to 2009) and G 2010-4 (from 2010 to 2014). This study used an independent t-test to compare continuous data of the 2 groups and a chi-square test or Fisher exact test to compare categorical data. The significance level of the statistics was set as p<0.05. In addition, descriptive statistics were conducted on the trend of each year from 2005 to 2014.
RESULTS
In the period of study from January 2005 to December 2014, the total number of patients admitted to the hospital for out-of-hospital cardiac arrest was 317. After excluding 30 patients who experienced cardiac arrest in an ambulance during the transfer and 26 patients who refused CPR, 261 were deemed appropriate for the study. Finally, 12 additional patients were excluded (4 whose data were lost, 3 whose records were omitted, and 5 who were lost in follow-up after discharge); hence, the study analyzed data of 249 patients ( Fig. 1 ).
Regarding the characteristics of the 2 groups of patients, there was no difference in age, sex, place of cardiac arrest and cause of cardiac arrest, nor was there a significant difference found in the frequency of cardiac arrest witnesses, the rate of ROSC, and the rate of survival to discharge. For elderly cardiac arrest patients in particular, there were no bystanders who used AEDs during the period of study; that is, the AED was not used even once. According to the initial ECG rhythm at the scene between the two groups, it was found that the rhythm requiring defibrillation increased from G 2010-4 (7.8% vs. 20.8%, p<0.001) ( Table 1) . While there were 7 cases (7.78%) for the existence of chest compression performance of bystanders in G 2005-9, there were 32 cases (20.13%) in G 2010-4 that increased significantly (p=0.031). More importantly, when the location of cardiac arrest was inside the house, the chest compression performance rate of bystanders increased significantly (p=0.006), but there was no difference in the rate in public places or on the street. Analysis of the time it took bystanders to recognize a cardiac arrest patient, report it to the emergency medical service system and have the ambulance arrive at the scene showed that there was no statistical difference between the 2 groups, regardless of the location of cardiac arrest (Tables 2, 3) . The frequency and percentage of chest compressions performed by bystanders after they witnessed or found an elderly patient experiencing cardiac arrest, the time it took to activate the emergency medical service system, and the time it took the ambulance to arrive at the scene are as follows (Table 4 ): the rate of chest compressions performed by bystanders increased annually from 2005 to 2014. In contrast, there was no annual decrease found in recognition of cardiac arrest to 119 arrival, the total time it took the ambulance to arrive at the scene after bystanders witnessed or found cardiac arrest. Even when it was divided into recognition of cardiac arrest to 119 activation and 119 activation to arrival, there was no annual decline.
DISCUSSION
In this study, the existence of CPR performance by the lay rescuer when an elderly patient had cardiac arrest increased significantly in G 2010-4, and for each year, it was on the rise from 0 case (0%) in 2005 to 10 cases (24.4%) in 2014. This change in performance rates is consistent with statistics on cardiac arrest patients of all ages in Seoul, including elderly patients 24, 27) . The number of lay people educated about CPR for each 100,000 Seoul citizens rose each year, from 2,143 in 2010, while the number of people registered as citizens performing CPR on cardiac arrest patients with good faith (CPR supporters) reached 26,000 24) . This actual performance of CPR might have been affected by the growing awareness of ordinary people regarding the importance of CPR. The 2010 guidelines of the AHA recommended that lay people perform chest compressions only during CPR, which does not include mouth-to-mouth resuscitation 28, 29) . In addition, telephone CPR was launched in 2012 in Seoul 24) , where a 119 dispatcher guides lay people with performing CPR before first responders arrive at the scene. These methods such as training regarding simple and easy-to-perform CPR and telephone instructions might have contributed to an increase in chest compression performance. Compared to North Carolina, USA or Japan where the performance rate reached as much as 50%, the rate in Korea still remains quite low 30, 31) . Since the most common place for an elderly patient to experience cardiac arrest is inside the home 1) , training should be expanded to elementary school students and elderly people in consideration of the nuclear family and population aging, while repeated training should be provided to ensure that training remains effective.
Along with CPR performance of lay people, use of an AED is strongly associated with the survival of cardiac arrest patients 30, 32, 33) . In 2012, 2.3% of bystanders in Japan and 6.0% of bystanders in North Carolina in 2013 were reported to have used an AED 30, 31) . Even though the number of AEDs for 100,000 people in Seoul had expanded from 0.3 in 2007 to 35.6 in 2014 24) , in this study there was no case where bystanders used AEDs on elderly patients when they had cardiac arrest. While it is necessary to continue to provide AEDs, it is equally important to make them available in places where it is easy for bystanders to find them and provide training about how to use them. By contrast, analysis on the application of AED on elderly cardiac arrest patients after 119 first responders arrived showed that the percentage of AED use increased from 20% in G 2005-9 to 57.3% in G 2010-4, and the percentage of the rhythm requiring defibrillation increased from 7.8% (7 patients) in G 2005-9 to 20.8% (33 patients) in G 2010-4. This could have something to do with the fact that the proportion of first-grade first responders who could treat patients with professional CPR increased from 2.2% in 2006 to 4.7% in 2014, which led to more cases where AEDs were applied 24) . In addition, there could be many variables at play such as whether bystanders had witnessed cardiac arrest before, whether they had necessarily discovered a cardiac arrest patient, the underlying disease of a patient and bystanders' quality of performance of chest compressions [11] [12] [13] [14] [15] .
AHA guidelines suggest swift activation of the emergency response system when there is no breath or reaction from a patient after bystander's discovery and assessment of the patient's consciousness 15) . Swift recognition of cardiac arrest and activation of the emergency medical service system would allow professional first responders to arrive at the scene faster, provide high quality CPR, and apply AED. In a Swedish study that analyzed 1,254 cardiac arrest records of emergency medical dispatchers, it took 1 minute (median) to recognize cardiac arrest, and it took lay people 3.67 minutes to begin CPR 34) . There has as yet been no report about recognition of cardiac arrest to 119 activation in Korea. In this study, there was no annual decline in the time it took from recognizing cardiac arrest to activating the emergency medical service system, nor was there a difference between the 2 groups. Furthermore, the time it took the ambulance to arrive at the scene did not decrease annually, and there was also no difference between the 2 groups in this regard. In order to reduce the time taken for the ambulance to arrive at the cardiac arrest patients, it is believed that more resources (e.g., personnel, facilities, and equipment) are needed to improve 119 emergency services. In addition, applying a system that categorizes the level of emergency and seriousness of cardiac arrest of patients would help to reduce the number of unnecessary services.
The limitations of the study are as follows. First, the study was conducted at a single institution, so it may not be repre-sentative of the characteristics of all elderly cardiac arrest patients in Korea. Second, the study was not able to examine the basic characteristics of ordinary individuals who witnessed or found cardiac arrest patients such as whether they were trained about CPR beforehand and their level of performance. Third, factors that might have affected chest compression performance of bystanders such as mobile phones or telephone instructions were not taken into consideration. Fourth, regarding analysis of the time for the lay public to witness or find cardiac arrest patients and to activate the emergency medical service system, we used the time as recorded by emergency medicine specialists via personal interview instead of objectively checking a timepiece such as a watch or clock. The time denoted by bystanders who witnessed or found cardiac arrest patients could have been inaccurate based on their memory or perception. Lastly, the study was not able to examine the impact of the time taken for chest compression performance of bystanders and activation of the emergency medical service system on defibrillation rhythm, ROSC and the rate of survival to discharge.
The introduction of the Good Samaritan Law in 2008, a revision of AHA guidelines in 2010 and expanded training might have influenced an increase in chest compression performance of lay people upon witnessing or discovering cardiac arrest in the elderly. However, there was no effect on the time taken for activation of the emergency medical service system or the time taken for arrival of the ambulance.
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